Biomechanical evaluation of pullout forces of newly designed cortical screws with openable tips was done in the tibia bone of the young bulls. Newly designed expandable titanium 14 cortical screws with openable tips were inserted in fresh tibia bone. Of these screws, 7 were used as controls. The bones were fixed with polymethylmethacrylate after the insertion of the screws. Screw heads were attached to a custom device and prepared for pullout tests. The elastic modulus values (Newton/mm 2 ), yield forces (Newton) and maximum forces (Newton) of expandable and control groups were assessed. The median of yield forces (Newton) of expandable cortical screw group was found to be statistically higher than that of normal group (P=0.025). The median of maximum forces of expandable cortical screw group was found to be significantly higher than that of normal group (P=0.003). In the comparison of paired groups, it was found that the pullout forces of expandable cortical screws were significantly superior to that of normal control group. In the light of these results, it was concluded that such kind of newly designed screws are able to contribute to fracture fixation in the future, allowing more bone contact without enlarging the diameter of the screw.
INTRODUCTION
 İletişim (Correspondence)  +90 532 3232848  ercanolcay@superonline.com as pullout strength (PS) 1 . It is difficult to assess the pullout strength of a screw. Various factors affect it. These factors are the bone features, screw diameter, screw type, predrilling and tapping 2 .
The best solution to enhance the efficacy of the screws used for osteosynthesis is to make changes in design of the screw. Especially with the screws having expandable tip a better bone fixation can be achieved by enlarging the diameter of screw tip, allowing further bone contact without enlarging the diameter of the screw itself inserted in the bone 3 .
The bone-screw interface is faced as a weak link in fracture fixation. An inaccurate screw fixation causes to screw loosening, implant insufficiency, loss of reduction and nonunion. The distortion of bone-screw interface occurs especially in loading condition 4 .
In our present study, it was planned to assess biomechanically in the tibia bone the pullout strengths of a newly designed cortical screw, which has an expandable tip after the insertion into the bone.
MATERIAL and METHODS
The designs of 14 titanium cortical screws with expandable tips were drawn using AutoCAD program. Processing details were created by master cam program (Fig. 1) . Then, these screws designed were processed (manufactured) on Spinner TC 600 lathe. When the anatomical structure of the screws were evaluated, the length of the screw was 60 mm. The screw was designed to have an outer diameter of 7 mm; a screw thread root of 4.5 mm; a screw thread crest of 1.3 mm and a pitch of 2.7 mm. The screw was consisted of 2 pieces ( Fig.  2A and 2B ). The first piece was the main screw ( Fig. 2A) , the second one was created in an ergonomic design that provides expansion of the tip of the screw, passes throughout the hole in the middle of the main screw and is able to be fastened proximally to the main screw to maintain the expansion permanently (Fig. 3A) . It was determined that the outer diameter of the screw reaches to 8 mm by expansion of the tip. So, it was observed an increase in outer diameter by the rate of 14.2% (Fig. 3B) . A groove was made at the outer side (of the head of the screw) to connect the screw head to the device that performs the pull test in pullout test (Fig. 3B-X) . The tibia bones used in the study were obtained from 18-month-old Black Pied breed young bulls in the mean live weight of 500-550 kg; the fresh bone blocks of 7x4 cm in size were used (Fig. 4) . The 14 screws were inserted into bones according to the procedure. Seven of them were expanded. All of the prepared screw-bone systems were radiologically evaluated to eliminate an osseous pathology or an inaccurate insertion of the screw.
Biomechanical Assessment
These studies were evaluated by performing a pre-study using pulling devices located in the laboratories of the Department of Mechanical Engineering of Istanbul Technical University. Screw Driven Type Testing Machine (Schimadzu brand name, autograph type AG, IS, 50 KN model) was used. This device that is able to do computerassisted measurements with very accurate loads was 
RESULTS
Of all of the screws exposed to pulling test, elastic modulus values (Newton/mm 2 ), yield forces (Newton) and maximum forces (Newton) were assessed ( Table 1, The mean of the yield forces of the group of the expandable screws was found to be statistically higher than that of normal group (P=0.025). The mean of the maximum forces (Newton) of the group of the expandable screws was determined to be significantly higher than that of normal group (P=0.003) ( Table 3) . In the comparison of paired groups, it was observed that the pullout strengths of the expandable cortical screws were significantly superior to that of normal controls (Fig. 7) .
DISCUSSION
Many factors can affect the holding strength and insertional torque at the bone-screw interface. These factors are the screw thread, screw design, self-tapping/non-self-tapping screws, coating of the screw, unicortical or bicortical insertion 2, 5, 6 .
The advantages of the screws with sharp-shaped threads should include ideally insertion of the screw, minimal soft tissue irritation and easing of the maximal screw holding power. The insertion of the screws with more than one thread is easier and they do not cause to cortical injury. In the studies carried out, it was observed that the insertion of the screws with 4 full threads was easier and had the highest level of the holding-strength 7 .
The high level of screw osseointegration has being tested to ameliorate the screw fixation. For this purpose, titanium screws are recommended. Because, titanium material has a higher level of biocompatibility and better osseointegration character compared to stainless steel. The reason of why we preferred titanium material is the biocompatibility character of titanium. However, direct bone-screw contact is absent in titanium screws either 4 . Enhancing the bone-screw contact .
It was determined that coating the screws with osteoconductive materials provided a maximum fixation power that was significantly higher than that of standard screws 4 . Such kind of technological innovations have some risks in aspects of rigid fixation after surgery besides an additional burden of cost. Because, establishing a bone-screw interface relationship after application of such materials takes a certain period of time. But, the screws with expandable character have the opportunity to create a rigid fixation from the beginning.
The main purposes of easily applicability and effectiveness of the screw designed are very important in screw design. The thought of designing such kind of screw was arisen from the problems encountered with the traditionally applied screws. The problems especially encountered during practice with cancellous and osteoporotic bones lead us to pursuit an alternative screw design. The important steps in the practice of screws with expandable character were thought to overcome the problems particularly encountered with the pedicular screws 9 . For the problems occurred in vertebral surgery during the application of pedicular screws and in revision surgery, many authors suggested the enlargement of screw dimension, careful care and attention for the preparation of the screw hole, the use of full-threaded screw and bone cement support 3, [11] [12] [13] [14] [15] [16] [17] .
The usefulness of such kind of alternative screw designs and the implementations to increase the screw stability is a matter of debate. Because, we should consider the possible injury in the bone with newly designed screw application, exothermic reactions due to the biocompatible cement when used and the problems that can occur in revision surgery.
In conclusion, considering all of these studies carried out, the best solution may be the changes to do in screw design. Therefore, the use of expandable screw may provide a better bone fixation by enlarging the dimension of screw tip, allowing more bone contact without increasing the dimension of the screw itself inserted into pedicle 3 .
When the screw structures were studied, it was found that a screw with wider dimension was more powerful than a screw with narrow dimension. A wide screw in dimension is stronger than a narrow screw 17 . Although the pullout strength of a screw changes with the size of the screw, it is also due to the situation whether the bone is osteoporotic or not 15 . In addition, it was determined an association between the pullout strength of the screw and the cortical thickness of the bone 18 .
The studies suggesting the ability of evaluating of the presurgery screw fixation power by bone density measurement put the osteoporosis factor forward in the screw fixation 16, 17, 19 . Despite the problems related to the osteoporosis and the problems arising from the bone, the attempts enhancing the implant stability have always been regarded 20 . For example, it was investigated whether the therapy with the combination of alendronate and calcitriol given pre-operatively contributed to the stability of the implants coated with hydroxyapatite in osteoporotic bone, increasing the mineral density of cancellous bone 21 . It is possible to increase the screw fixation power in the osteoporotic vertebrae using pedicle screws coated with hydroxyapatite 8 .
In revision patients, the increase in the dimension of the screw didn't provide the bone-screw interface power and pedicle fullness; the stability was tried to achieve with the use of expandable pedicular screw 9, 22 .
Although it is argued that a wide screw don't increase the fixation power in osteoporotic bone, some researchers suggested that PMMA addition or some biological treatments on the surface of the screw increased the fixation power of the screw. Nevertheless, such problems like adverse effects of PMMA exothermic reaction and foreign body effect should be considered. Calcium phosphate cement (CPC) instead of PMMA was preferred as an option 10, 14, 21, [23] [24] [25] .
The success of the osteosynthesis is established by the maximum load that can be transferred between the screw and the bone. This maximum load is called as pullout strength (PS). In the light of the knowledge mentioned, PS is faced as a very important factor in osteoporotic bone 1 
.
The fact that the loss of fixation is more frequent in such cases especially with rheumatoid arthritis leads the researcher to find out alternative solutions such as the use of special plate screws for these cases 26 .
Only the bone density itself cannot explain the changes related to the mechanical features of the bone-screw interface. The bone structure and particularly pedicle morphology affect the pullout load in vertebrae 27 .
One of the several screw designs is whether the screw is self-tapping or not. The self-tapping cortical bone screws have increasingly been begun to use in recent years. Such kind of screws is that commonly used for fracture fixation. Even this type of screws has disadvantages especially when they are used in an osteoporotic bone. One of the most important disadvantages of this type of the screws is the increase of insertion torque needed during the insertion of the screw because of the increased contact force as the bone is actively drilled. This increased friction may contribute the screw insufficiency causing cortical injury even at microscopic level 1, 28 . Andrew et al. biomechanically evaluated the performance of the self-tapping cortical screws (STS) considering the deep of the insertion of the screw. They saw that the incomplete screw insertion would cause to failure in both osteoporotic and normal bones 29 .
The number of the threads is very important in the screw design. It is recommended the presence of at least
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Although it has been explained many factors that may affect the holding strength of the bone-screw structure, it should be known that some malpractices in screw application may impair the results. It should be regarded that overtightening of the screws results to future loosening and failure of the fixation in case of the excessive microinjury in the bone surrounding of the screw threads 30 .
The feature of expendability of the tip part of our designed screws in a rate of 14.2% compared to the normal screw dimension after the insertion under normal conditions is very important. In the pullout tests that we performed biomechanically, suggesting a significant increase in the pullout strength of the screw after that expansion, we found that the mean of the maximum forces (Newton) of the expandable group were statistically significantly higher than that of the normal group (P=0.0003) (Table 3 ). Moreover, it was observed that the mean of the flow forces (Newton) of the expandable group was statistically significantly higher than that of the normal group (Fig. 7) .
